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Background: Although raw meat and its products are commonly consumed in traditional Ethiopian diets, E. coli
O157: H7 is rarely studied compared to other countries. Thus the present study has been designed to determine
the prevalence and assess the antimicrobial susceptibility of E. coli O157: H7 isolated from beef, sheep meat and
goat meat at one abattoir and in 48 selected raw meat retail shops in Addis Ababa.
Results: Out of 384 meat samples examined, 10.2% (39/384) were positive to E. coli O157:H7. Among these samples
examined, beef was the most frequently contaminated with E. coli O157:H7 with an overall prevalence of 13.3%
(17/128) followed by 9.4% (12/128) sheep meat and 7.8% (10/128) goat meat. With regard to meat source, the
prevalence rates of E. coli O157:H7 at the abattoir and the selected retail shops were 5.7% (11/192) and 14.6%
(28/192), respectively. Significant differences in prevalence was observed among sample sources (p < 0.05). The
antimicrobial susceptibility investigation of 39 E. coli O157:H7 isolates using 10 commercially available antimicrobial
discs revealed that the isolates were susceptible to nine antimicrobials from 69.3% to 100% except streptomycin
which showed susceptibility of 48.7%. An overall resistance of 33.4% and 30.9% was recorded to streptomycin
and amikacin, whereas 5.1%, 5.1%, 7.7%, 12.8% and 17.9% resistance rates were recorded against nalidixic acid,
tetracycline, amoxacilin-clavulanic acid, cephalothin and ciprofloxacin, respectively. Multidrug resistance was
observed among amikacin, amoxycillin-clavulanic acid, cephalothin, ciprofloxacin, streptomycin and tetracycline
antimicrobials drugs.
Conclusions: The isolation of E. coli O157:H7 in raw meat and the existence of antimicrobial resistant isolates
highlight the potential threat to public health. Hence implementation of E. coli O157:H7 prevention and control
strategies from farm production to consumption of meat and meat products are crucial.
Keywords: Abattoir; Addis Ababa; Antimicrobials; E. coli O157:H7; Prevalence; Retail shops; Raw meatBackground
Most Escherichia coli (E. coli) are normal commensals
found in the intestinal tract of both humans and ani-
mals, while others are pathogenic to humans (CFSPH
2009; Kaper et al. 2004). Pathogenic E. coli distinguished
from normal flora by their possession of virulence fac-
tors. The specific virulence factors can be used, together
with the type of disease, to separate these organisms into
pathotypes (CFSPH 2009). E. coli O157: H7 is one of the
best known serotype to contain pathotypes that can* Correspondence: kaleabzerom@yahoo.com
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in any medium, provided the original work is pcause food borne infection in humans (Acha and Szyfres
2001; IFT 2003). E. coli O157:H7 pathotypes has been
found in the intestines of healthy cattle, deer, goats, and
sheep (Acha and Szyfres 2001; IFT 2003).
Verocytotoxigenic (or verotoxigenic) E. coli (VTEC)
pathotype produces a toxin known as verocytotoxin that is
lethal to cultured African green monkey kidney cells (Vero
cells) (CFSPH 2009). VTEC may belong to many serotypes,
but most severe human infections are caused by E. coli
O157: H7 serotypes (Mead and Griffin 1998). Enterohe-
morrhagic E. coli O157: H7 (EHEC) is VTEC that possess
additional virulence factors, giving them the ability to cause
hemorrhagic colitis and hemolytic uremic syndrome (HUS)
in humans. EHEC have been described as important foodn Open Access article distributed under the terms of the Creative Commons
g/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction
roperly cited.
Bekele et al. International Journal of Food Contamination 2014, 1:4 Page 2 of 8
http://www.foodcontaminationjournal.com/content/1/1/4borne pathogens (Vernozy-Rozand 1999). Young children,
the elderly, and those with weakened immune systems are
the most vulnerable for infection (IFT 2003).
The most frequent mode of transmission for E. coli
O157:H7 infection to human is through consumption of
contaminated food and water. However, it may also
spread directly from person to person and occasionally
through occupational exposure (Abdalla et al. 2009).
Ruminants, particularly cattle and sheep, are the most
important reservoir hosts for EHEC O157:H7 (Cornick
et al. 2000). Cattle have been identified as a major reser-
voir of E. coli O157 (Chapman et al. 2001) and con-
sumption of foods of bovine origin have been associated
with some of the largest food poisoning outbreaks in
which this organism was identified as the etiologic agent
(Meng and Doyle 1998).
The microbiological contamination of carcasses can
occur during processing and manipulation, such as skin-
ning, evisceration, storage and distribution at slaughter
houses. Fecal matter is a major source of contamination
and could reach carcasses through direct deposition, as well
as by indirect contact through contaminated equipment,
workers, installations and air (Pal 2007). Cattle slaughtering
operations, such as bleeding, dressing and evisceration ex-
pose sterile muscle to microbiological contaminants that
were present on the skin, the digestive tract and in the en-
vironment (Bacon et al. 2000; Abdalla et al. 2009).
There are a few reports on the prevalence and anti-
biotic resistance status of E. coli O157: H7 from raw
meat in Ethiopia and little or no studies have been car-
ried out in Addis Ababa. Thus the current study has
been designed to determine the prevalence and assess
the antimicrobial susceptibility of the microorganism
isolated from beef, sheep and goat’s meat at one abattoir
and in selected meat retail shops in Addis Ababa. The
difference between the abattoir included in this study
and in the study conducted by Hiko et al. (2008) with re-
spect to the level of establishment (the abattoir included
in this study supply meat for local consumption whereas
the abattoir in Hiko et al. (2008). study is an export abat-
toir that fulfill most of international standards), the
slaughtering operation and the food safety management
system may enable this study to build further on the
data provided by Hiko et al. (2008).
Methods
Study area
The study was carried out in Addis Ababa, the capital
city of the Federal Democratic Republic of Ethiopia.
Description of food business operators included in the
study
The food business operators included in this study, both
the abattoir and the selected 48 retail meat shops, donot use any formal food safety management system. The
abattoir supplies meat to all of the retailers studied. All
of the retail meat shops included in this study does not
have any chilling/cooling facilities.
Study design
A cross-sectional study was conducted to determine the
prevalence and assess the antimicrobial susceptibility of
E. coli O157: H7 isolated from beef, sheep and goat meat
at one abattoir and in 48 selected raw meat retail shops
from August 2011 to April 2012 in Addis Ababa.
Study samples
The study was conducted on a total of 384 raw meat
samples consisting of 64 beef, 64 sheep meat and 64
goat meat each collected from one abattoir (n = 192)
and 48 randomly selected retail shops (n = 192) that
means with the total of 128 beef, 128 sheep meat and
128 goat meat.
Sampling technique and sample collection procedure
Swab samples were collected aseptically using systematic
random sampling technique from the carcasses of daily
slaughtered animals at the abattoir and from legally reg-
istered raw meat retailer shops using simple random
sampling technique.
Selected carcasses were swabbed using the method de-
scribed in ISO17604 (2005) by placing sterile template
(10 x 10 cm) on specific sites of a carcass. A sterile cotton
tipped swab, (2X3 cm) fitted with shaft, was first soaked
in an approximately 10 ml of buffered peptone water
(Oxoid Ltd., Hampshire, England) rubbed first horizon-
tally and then vertically several times on the carcasses.
The abdomen (flank), thorax (lateral) and breast (lat-
eral); which are sites with the highest rate of contamin-
ation (ISO 17604, 2005); were chosen for sampling using
the same swab over all the sites. On completion of the
rubbing process, the shaft was broken by pressing it
against the inner wall of the test tube and disposed leav-
ing the cotton swab in the test tube. 25 g of whole cuts
of raw meat sample was collected from retail shops
following aseptic techniques. The samples were put in a
sterile universal bottle filled with 225 ml of buffered
peptone water. Finally, the samples were transported to
the Institute of Biodiversity Conservation Laboratory,
Addis Ababa using ice box in cold chain for microbio-
logical analysis. Up on arrival, the samples were stored
in refrigerator at 4°C for 24 hrs until being processed for
isolation.
Sample preparation
Each carcass swabs were homogenized with vortex mixer
and 25 g of raw whole cuts of meat sample collected
from each retail shops were taken out from the universal
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225 ml of buffered peptone water; from the previous
universal bottle; in a plastic bag and homogenized using
a homogenizer (Stomacher 400, Seward Medical, England)
at high speed for 2 minutes. The resulting suspension was
used for isolation of E. coli O157:H7.
Isolation Procedure
200 μl of prepared sample of a meat rinse solution was
streaked onto MacConkey agar (IVD, UK) plates and
incubated at 37°C for 24 hrs. Following incubation,
lactose-positive (pink) colonies were streaked onto
Sorbitol-MacConkey Agar (IVD, UK) plates and incu-
bated at 37°C for 24 hrs. The sorbitol negative colorless
colonies were sub-cultured on Rainbow agar.
Rainbow Agar O157 (Hayward, USA) was inoculated
by spreading a suspected colonies of E. coli on its sur-
face. The plates were then incubated for 20 to 24 hrs, or
longer, at 37°C and observed for the presence of colored
colonies. The distinctive black or gray coloration of E.
coli O157 colonies were easily viewed by laying the Petri
dish against a white background. Upon sub-culturing,
the isolated E. coli O157 colonies showed their typical
black or gray coloration (BiOLOG User Guide 2008).
These colonies were tested further using BiOLOG iden-
tification system to confirm their identity as E. coli and
for any isolate identified as E. coli O157:H7 additional
confirmation by serology may be recommended for the
reasons of serious implications when this pathogen is
determined in a food sample.
Identification
Pure colonies that showed typical black or gray color-
ation on Rainbow agar were inoculated on BUG (Biolog
Universal Growth Medium) agar (Hayward, USA) with
5% sheep blood and incubated at 37°C for 24 hrs. Sub-
culture was made using the same culture media to haveTable 1 Antibiotic disks used to test E. coli O157:H7 and their
№ Antibiotic disks Disc code Concentra
1 Amikacin AK 30 μg
2 Amoxycillin-Clavulanic acid AMC 20/10 μg
3 Ceftriaxone CRO 30 μg
4 Cephalothin KF 30 μg
5 Chloramphenicol C 30 μg
6 Ciprofioxacin CIP 5 μg
7 Nalidixic acid NA 30 μg
8 Streptomycin S 10 μg
9 Tetracycline TE 30 μg
10 Sulfamethoxazole - Trimethoprim SXT 30 μgpure culture colonies before identification was done by
OmniLog. The BUG is a recommended medium for
aerobic bacteria and it was employed to isolate E. coli.
Following this, the identification of E. coli O157:H7 was
performed using the Omnilog plus Identification System
(BiOLOG User Guide 2008).
After getting pure culture colonies, identification was
carried out using BiOLOG Standard Operation Protocols
(SOP). Briefly, bacterial suspension was prepared with
an appropriate level of bacterial density, as recom-
mended in the protocol of the instrument. The bacterial
suspension was inoculated into the GEN III Micro Plates
aseptically. The microplates were covered with lid and
incubated at 37°C for 22 hrs. Then the Micro Plates
were loaded into the OmniLog incubator/reader. The
bacterial suspension was identified by the instrument
using the inbuilt database.
Antimicrobial susceptibility pattern
The antimicrobial susceptibility test was performed follow-
ing the standard agar disk diffusion method according to
CLSI (2008) using commercially available antimicrobial
disks (Table 1).
Table 1. Antibiotic disks used to test E. coli O157:H7
and their respective concentrations.
Each isolated bacterial colony from pure fresh culture
was transferred into a test tube of 5 ml Tryptone Soya
Broth (TSB) (Oxid, England) and incubated at 37°C for
6 hrs. The turbidity of the culture broth was adjusted
using sterile saline solution or added more isolated col-
onies to obtain turbidity usually comparable with that of
0.5 McFarland standards (approximately 3x108 CFU per
ml). Mueller-Hinton agar (Bacton Dickinson and Com-
pany, Cockeysville USA) plates were prepared according
to the manufacturer guidelines. A sterile cotton swab
was immersed into the suspension and rotated against
the side of the tube to remove the excess fluid and thenrespective concentrations
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Mueller-Hinton agar plates. After the plates dried, anti-
biotic disks were placed on the inoculated plates using
sterile forceps. The antibiotic disks were gently pressed
onto the agar to ensure firm contact with the agar sur-
face, and incubated at 37°C for 24 hrs. Following this the
diameter of inhibition zone formed around each disk
was measured using a black surface, reflected light and
transparent ruler by lying it over the plates. The results
were classified as sensitive, intermediate, and resistant
according to the standardized table supplied by the manu-
facturer (CLSI 2008). E. coli ATCC 25922 type strains was
used as a positive control.Data management and analysis
The coded data was entered in MS Excel (Additional
file 1) and then analyzed using SPSS version 15 (2006).
The overall prevalence of E. coli O157: H7 in raw meat
was determined using standard formula. The number of
positive samples was divided by the total number of
samples examined multiplied by 100. In addition to
these, the prevalence in each meat type as well as at the
selected retail shops and the abattoir was determined in
the same way by dividing positive value with corre-
sponding total examined samples. Difference among and
between proportions of the groups with certain deter-
minant factor was determined by chi-square (χ2) test. A
p-value <0.05 was considered indicative of a statistical
significant difference.Description of raw data
The following raw data are available with the online
version of this paper with sample identification and
corresponding results. The data file 1 (Additional file 1)
is a table listing the type of meat (beef, sheep meat, goat
meat) with their corresponding result; E. coli O157:H7
positive meat samples were represented with 1 whereas
negative samples as 0. Data file 2 (Additional file 1)
contains raw data for antimicrobial susceptibility of E.
coli O157: H7 isolated from beef, sheep meat and goatTable 2 Prevalence of Escherichia coli O157:H7 in abattoir and
Food.business operators Samples examined № (%
Beef 64(33




Retail shops Sheep meat 64(33
Goat meat 64(33
Total 192(5
+ ve = E coli contaminated; p-value between food business operators (abattoir andmeat at an abattoir and in 48 selected raw meat retail
shops in Addis Ababa.
Results
Prevalence
The overall prevalence of E. coli O157:H7 in three types
of raw meat samples (beef, sheep and goat’s meat) was
10.2% (39/384). Out of which 13.3% (17/128) were from
beef, 9.4% (12/128) from sheep meat and 7.8% (10/128)
from goat meat. The test statistics among three types of
raw meat samples indicated that there was no statistical
significance difference in prevalence rate (p > 0.05)
(Table 2).
Table 2. Prevalence of E. coli O157:H7 in abattoir and
retail shops from different type of meat samples.
Among the food business operators, higher prevalence
of E. coli O157:H7 was found in the retailer shops
(14.6%) than the abattoir (6.3%) and there is significant
difference in prevalence (p < 0.05) (Table 2). However
there was no statistically significant relationship differ-
ence in prevalence of E. coli O157:H7 isolated from the
three types of meat both in the abattoir and in the
retailer shops (Table 2).
Antimicrobial susceptibility pattern
The result of antimicrobial susceptibility test of 39 E. coli
O157:H7 isolated from raw meat samples with 10 se-
lected antimicrobial agents is shown in Table 3. The
antimicrobial sensitivity test of E. coli O157:H7 isolated
from different raw meat types revealed a varying degree
of susceptibility to antimicrobial agents tested (Table 3).
Isolates recovered from sheep meat were found to be
40% to 80% susceptible to five antimicrobial agents
tested except amoxicillin-clavulanic acid, ceftriaxone,
cephalothin, chloramphenicol, and sulfamethoxazole-
trimethoprim antimicrobial agents, which showed 100%
susceptibility (Table 3). Similarly, E. coli O157:H7 isolates
from goat meat showed 100% susceptiblity to amikacin, cef-
triaxone, chloramphenicol, sulfamethoxazole-trimethoprim
and tetracycline. However, the remaining isolates showed a
susceptibility ranging from 58.3% to 91.7%. E. coli O157:H7retail shops from different type of meat samples
) examined № (%) + ve χ2 P-value
.3) 3(4.7)
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ranging from 17.6% to 100%.
Table 3. Antimicrobial susceptibility pattern of E. coli
O157:H7 isolates (n = 39) to10 selected antimicrobial
agents.
Out of 39 E. coli O157:H7 isolates subjected to anti-
microbial susceptibility test a total of 23.1% were suscep-
tible to all antimicrobials used; from these 55.5% isolates
were from beef, 22.2% from sheep meat and goat meat
each (Table 4).
Table 4. E. coli O157:H7 isolates susceptible to all
antimicrobials.
Of the 39 E. coli O157:H7 isolates, 17.9% were found
to be resistant to three or more drugs tested of which
40% were recovered from beef samples (Table 5).
Table 5. Multidrug resistance (MDR) of E. coli O157:H7.
Discussion
Prevalence of E. coli O157:H7
Raw meat and its products are commonly consumed in
traditional Ethiopian diets, but E. coli O157:H7 is rarely
studied compared to other countries. In the present
study, E. coli O157:H7 was isolated from beef, sheep
meat and goat meat at both the abattoir and the selected
raw meat retailer shops at Addis Ababa. The overall
prevalence of E. coli O157:H7 in the present study (10.2%)
was higher than the 4.2% reported in Modjo and Bishftu
(Debre Zeit) (Hiko et al. 2008) in Ethiopia using immuno-
magnetic separation method which is much more sensi-
tive than the plating method used in the present study.
The difference in the overall prevalence observed
among the three types of meat samples in present study
is high (13.3%) in beef, but relatively similar between
sheep meat (9.4%) and goat meat (7.8%). In contrast, theTable 3 Antimicrobial susceptibility pattern of E. coli O157:H7
Antimicrobial
used
Type of raw meat and E. coli O157:H7 isolates
Beef (n = 17) Sheep meat (n = 12)
S I R S I R
№ (%) № (%) № (%) № (%) № (%) №
AK 10(58.8) 0(0) 7(41.2) 10(83.6) 0(0) 2
AMC 17(100) 0(0) 0(0) 9(75) 0(0) 3
CRO 17(100) 0(0) 0(0) 12(100) 0(0) 0
KF 15(88.2) 2(11.8) 0(0) 7(58.3) 0(0) 5
C 17(100) 0(0) 0(0) 12(100) 0(0) 0
CIP 13(76.5) 0(0) 4(23.5) 9(75) 0(0) 3
NA 17(100) 0(0) 0(0) 10(83.6) 2(16.4) 0
S 4(23.5) 7(4.1) 6(35.3) 11(91.6) 0(0) 1
TE 17(100) 0(0) 0(0) 12(100) 0(0) 0
SXT 17(100) 0(0) 0(0) 12(100) 0(0) 0
See Table 2 for key abbreviations; S = Sensitive, I = Intermediate, R = Resistant.prevalence of E. coli O157:H7 in beef in this study was
higher than the 8.8% prevalence reported by Abong
(2008) in South Africa and Hajian et al. (2011) in Iran;
and lower than 53% prevalence reported by Dahiru et al.
(2008) in fresh beef meat in Nigeria.
In this study, the prevalence of E. coli O157:H7 in
sheep meat (9.4%) and goat meat (7.8%) were higher
than the previous study done by Hiko et al. (2008) in
Ethiopia who reported a prevalence of 2.5% in sheep
meat and 2% in goat meat. The presence of E. coli O157:
H7 in sheep and goat meat might be due to contamin-
ation either from gastrointestinal content and/or skin
(McEvoy et al. 2004).
With regard to meat source the higher prevalence of
E. coli O157:H7 was found at the retailer shops (14.6%)
than the abattoir (5.7%). The significant variation (p <
0.05) in prevalence (contamination) rate between the ab-
attoir and the retailer shops could be due to the differ-
ence in hygienic practices, cooling and storage time used
between the two. Moreover there could be risk of
carcass contamination and cross and subsequent con-
tamination, during transportation, environment, hand-
ling of meat at retailer shops.
The prevalence of E. coli O157:H7 was similar at the
abattoir in beef, sheep meat and goat meat. There is no
significant variation (p > 0.05) among the three type of
raw meat samples. However difference in prevalence was
observed among the three types of meat samples from
raw meat from the retailer shops. The high prevalence
was recorded in beef (21.9%) than sheep meat (10.9%)
and goat meat (9.4%). This could be due to the fact that
bovine has been implicated as the principal reservoir of
this pathogen as compared with other food animals
(Fantelli and Stephan 2001).isolates (n = 39) to10 selected antimicrobial agents
Goat meat (n = 10) Total (n = 39)
S I R S I R
(%) № (%) № (%) № (%) № (%) № (%) № (%)
(16.6) 7(70) 0(0) 3(30) 27(69.3) 0(0) 12(30.9)
(25) 10(100) 0(0) 0(0) 36(92.3) 0(0) 3(7.7)
(0) 6(60) 4(40) 0(0) 39(100) 0(0) 0(0)
(41.7) 10(100) 0(0) 0(0) 32(82.1) 2(5.1) 5(12.8)
(0) 10(100) 0(0) 0(0) 39(100) 0(0) 0(0)
(25) 6(60) 4(40) 0(0) 28(71.8) 4(10.3) 7(17.9)
(0) 4(40) 4(40) 2(20) 31(79.5) 6(15.4) 2(5.1)
(8.4) 4(40) 0(0) 6(60) 19(48.7) 7(17.9) 13(33.4)
(0) 8(80) 2(20) 2(20) 37(94.9) 0(0) 2(5.1)
(0) 10(100) 0(0) 0(0) 39(100) 0(0) 0(0)






№ (%) of isolates susceptible
to all antimicrobials
Beef 17 5 (55.5)
Sheep meat 12 2 (22.2)
Goat meat 10 2 (22.2)
Total 39 9 (23.1)
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The use of antibiotics in the treatment of infection with
E. coli O157:H7 is controversial, since antimicrobial
therapy may increase the risk of development of HUS
(Hemolytic uremic syndromes) (Mølbak et al. 2002). Al-
though some studies do not advice antibiotic treatment
for infections caused by such bacteria (Wong et al.
2000), others suggest that disease progression may be
prevented by administrating antibiotic at early stage of
infection (Shiomi et al. 1999). Thus, for better response,
antimicrobial susceptibility test is necessary (Quinn et al.
2002). Hence, on the basis of this necessity, antimicro-
bial susceptibility test was conducted on the isolates re-
covered from raw meat.
Antimicrobial resistance of E. coli O157:H7 isolates
from animal and human sources have been reported in
Ethiopia by Hiko et al. (2008). In the present study E.
coli O157:H7 showed resistance to seven antimicrobials
which varied from 5.1% to 33.4% except to ceftriaxone,
chloramphenicol, and sulfamethoxazole-trimethoprim to
which 100% susceptibility was noticed. The 100% sus-
ceptibility of all the isolates to chloramphenicol, ceftriax-
one and sulfamethoxazole-trimethoprim is consistent
with the findings of Rangel and Marin (2009) and
Rahimi and Nayebpour (2012). Most of these antimicro-
bials are not commonly used in Ethiopia in the treat-
ment of animals that served as a source of meat.
Moreover, the susceptibility might have contributed to
the effectiveness of these antimicrobials mostly against
Gram negative bacteria like those of the family of En-




Source of resistant isolates Total




AK, S, TE - - 2 2 (28.6)
AK, CIP, S 2 - - 2 (28.6)
AMC, CIP, S 1 - - 1 (14.3)
AK, KF, CIP, S 1 - - 1 (14.3)
AK, AMC, KF, S - 1 - 1 (14.3)
Total MDR № (%) 4 (57.1) 1 (14.3) 2 (28.6) 7 (17.9)
See Table 2 for key abbreviations; S = Sensitive, I = Intermediate, R = Resistant.The high resistance to streptomycin in this study is in
agreement with Hiko et al. (2008) who reported anti-
microbial resistance to E. coli O157:H7 isolates from raw
meat samples to some of above mentioned antimicro-
bials especially to streptomycin. The significantly high
level of resistance to these antimicrobials was probably
an indication of their extensive usage in the veterinary
sector for therapeutic and prophylactic purpose both for
E. coli and other infections.
Antimicrobial resistance emerges from the use of anti-
microbials in animals and human, and the subsequent
transfer of resistance genes and bacteria among animals,
humans and animal products and the environment
(Scott et al. 2002). The shedding of the resistant bacteria
into the environment by cattle may lead to a widespread
dissemination of antibiotic resistant genes to the resident
bacteria in the environment (Callaway et al. 2003;
Mashood, et al. 2006). Evidence has been found which
indicates that resistant strains of pathogens can be
transmitted to humans through food (Oosterom 1991;
Khachatourians 1998). Antibiotic resistance among food-
borne pathogens may create an increased burden to human
health through: it’s potential to reach humans, increasing
the risk of acquiring an infection in human who taking
prior antibiotic treatment, limiting illness treatment options
and may be by developing increased virulence (IFT 2006).
Recently, multidrug resistant (MDR) phenotypes have
been spread widely among Gram negative bacteria
(Ahemed et al. 2006). MDR was observed among amika-
cin, amoxycillin-clavulanic acid, cephalothin, ciprofloxa-
cin, streptomycin and tetracycline antimicrobials in this
study. This is in agreement with the findings by other
researchers, who reported multidrug resistance among
E. coli O157:H7 isolates (Kim et al., 1994; Schroeder
et al., 2002). From the above mentioned antimicrobials
streptomycin is found in all MDR E. coli O157:H7 iso-
lates. This finding was supported by Hiko et al. (2008).
Increased sensitivity of antimicrobial resistant E. coli
O157 to environmental or food processing related stresses
(acid and heat) have been reported by different authors.
Duffy et al. (2006) reported that MDR E. coli O157:H7
(resistant to 10 antibiotics) when subjected to food
stresses (acid and heat) was found to act very differently
to the unstressed antibiotic sensitive and antibiotic resist-
ant VTEC strains. All VTEC strains tested were found to
survive for approximately 30 days in orange juice at
pH 4.4 and 25 days in yoghurt at pH 4.2. The exception
was the MDR E. coli O157:H7 isolate which was found to
have died off significantly faster (P < 0.05) in both media,
than in the other strains tested. Thermal inactivation stud-
ies also showed the MDR strain to be significantly more
heat sensitive (D55 value = 1.71 min) than all other VTEC
strains examined (Clavero et al. 1998; Byrne et al. 2002;
Huang and Juneja 2003).
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One of the most significant food-borne pathogens that
have gained increased attention in recent years is E. coli
O157:H7. In this study, isolation of E. coli O157:H7 from
raw beef, sheep meat and goat meat and the existence of
resistant isolates highlight the potential threat to public
health. Hence implementation of E. coli O157:H7 pre-
vention and control strategies from farm production to
consumption of meat and meat products are crucial.
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